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(54) RECEIVER AND TRANSMITTER/RECEIVER

(57) An object of the present invention is to achieve
a receiver and a transmitter-receiver, such as a mobile
telephone unit and a transceiver, that are capable of con-
trolling a supplied power to the receiving unit including a
variable gain amplifier with high precision. To accomplish
the foregoing object, a receiver employs a configuration
including, for example, a receiving unit (3), a gain control
signal-generating unit (21) that designates a gain value

of variable gain amplifiers (4a, 8a) in the receiving unit
(3), a control unit (12), and a memory (13). The memory
stores supplied power values to the receiving unit that
are associated with gain values, and the control unit con-
trols an electric power to be supplied to the receiving unit
by referencing the supplied power values stored in the
memory based on a gain value designated by a gain con-
trol signal (S5).
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Description

TECHNICAL FIELD

[0001] The present invention relates to receivers and
transmitter-receivers such as mobile telephone units and
transceivers, and more particularly to a receiver and a
transmitter-receiver that are effective in reducing power
consumption.

BACKGROUND ART

[0002] Receivers and transmitter-receivers such as
mobile telephones have a receiving unit for high-frequen-
cy radio signal. Generally, a large electric power supplied
to the receiving unit enables the receiving unit to operate
at the optimum operating point, improving reception
wave’s NF (Noise Figure) performance (the ratio be-
tween the S/N ratio of input signal and the S/N ratio of
output signal) and distortion performance (the ratio be-
tween the signal voltage-to-distortion voltage ratio of in-
put signal and the signal voltage-to-distortion voltage ra-
tio of output signal) as well as reception gains, and thus
the reception performance improves. On the other hand,
if the power supplied to the receiving unit is small, power
consumption reduces, although the operation deviates
from the optimum operating point, degrading the recep-
tion performance. Therefore, the power supplied to the
receiving unit needs to be controlled according to the
reception condition of the high-frequency radio signal.
Specifically, when the reception condition of the high-
frequency radio signal is good, reduction in power con-
sumption should be pursued even if it involves the deg-
radation in reception performance; on the other hand, if
the reception condition of the high-frequency radio signal
is poor, the supplied power to the receiving unit should
be increased to pursue improvements in the reception
performance.
[0003] For example, Patent Document 1 listed below
shows a technique in which a supplied power to a receiv-
ing unit is controlled according to a result of detection of
RSSI (Receive Signal Strength Indicator) signal, which
indicates the reception condition.
[0004] In the case of controlling the supplied power to
the receiving unit according to the result of detection of
the RSSI signal, it is necessary to provide, as a RSSI
signal detection circuit, a log-amp (Logarithmic Amplifier)
circuit for logarithmically transforming an analog voltage
signal that is an output from a demodulator in the receiv-
ing unit to generate RSSI signal, and an A/D converter
for A/D (Analog → Digital) converting the output signal
from the log-amp circuit, leading to an increase in the
circuit scale.
[0005] In addition to Patent Document 1, Patent Doc-
uments 2 through 4 listed below disclose techniques re-
lated to the present application.

Patent Document 1

Japanese Patent Application Laid-Open No.
5-37408 (1993)
Patent Document 2
Japanese Patent Application Laid-Open No.
7-30957 (1995)
Patent Document 3
Published Japanese Translation of PCT Application
No. 2002-522938
Patent Document 4
Japanese Patent Application Laid-Open No.
2002-217774

SUMMARY OF THE INVENTION

[0006] It is an object of the present invention to resolve
the foregoing problems and to achieve a receiver and a
transmitter-receiver that are capable of controlling a sup-
plied power to the receiving unit with high precision even
without using a signal that indicates reception conditions,
such as RSSI signal.
[0007] The receiver according to the present invention
includes: a receiving unit (3) containing variable gain am-
plifiers (4a, 8a) capable of amplifying a reception wave
with variable gain values, without degrading NF (Noise
Figure) performance and distortion performance under
a certain supplied power; a gain control signal-generating
unit (21) for generating a gain control signal (S5) for des-
ignating the gain values in the variable gain amplifiers
according to a received power of the reception wave; a
control unit (12); and a memory (13), wherein the memory
stores supplied power values to the receiving unit that
are associated with the gain values; and the control unit
controls the power to be supplied to the receiving unit by
referencing the supplied power values stored in the mem-
ory based on the gain values designated by the gain con-
trol signal.
[0008] In the receiver according to the present inven-
tion, the control unit controls the power to be supplied to
the receiving unit by referencing the supplied power val-
ues stored in the memory based on the gain values des-
ignated by the gain control signal. Consequently, the
power supplied to the receiving unit can be controlled
with high precision even without using a signal that indi-
cates reception conditions, such as an RSSI signal, by
utilizing a gain control signal that designates a gain value
based on the reception condition of the reception wave.
[0009] A transmitter-receiver according to the present
invention includes: a receiving unit (3) containing variable
gain amplifiers (4a, 8a) capable of amplifying a reception
wave with variable gain values, without degrading NF
(Noise Figure) performance and distortion performance
under a certain supplied power; a gain control signal-
generating unit (21) for generating a gain control signal
(S5) for designating the gain values in the variable gain
amplifiers according to a received power of the reception
wave; a transmitter unit (10) for generating a transmis-
sion wave; a transmission power detecting unit (11) for
detecting the power of the transmission wave; a control
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unit (12); and a memory (13), wherein the memory stores
supplied power values to the receiving unit that are as-
sociated with the gain values and the power of the trans-
mission wave; and the control unit controls the power to
be supplied to the receiving unit by referencing the sup-
plied power values stored in the memory based on the
gain values designated by the gain control signal and a
detection result in the transmission power detecting unit.
[0010] In the transmitter-receiver according to the
present invention, the control unit controls the power to
be supplied to the receiving unit by referencing the sup-
plied power values stored in the memory based on the
gain values designated by the gain control signal and the
detection result in the transmission power detecting unit.
Consequently, the power supplied to the receiving unit
can be controlled with high precision even without using
a signal that indicates reception conditions, such as an
RSSI signal, by utilizing a gain control signal that desig-
nates a gain value based on the reception condition of
the reception wave, and further based on the signal in-
tensity of the transmission wave.
[0011] These and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the ac-
companying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Fig. 1 is a diagram illustrating the configuration of a
receiver according to a first preferred embodiment
of the present invention.
Fig. 2 is a flowchart illustrating an control operation
of the receiver according to the first preferred em-
bodiment.
Fig. 3 is a graph illustrating the relationship of RSSI
signal values and gain values and received field in-
tensities.
Fig. 4 is a diagram illustrating a specific configuration
example of the amplification stage of a variable gain
amplifier in a low-noise amplifier and a demodulator
of the receiver according to the first preferred em-
bodiment.
Fig. 5 a diagram illustrating a specific configuration
example of a receiving unit power control circuit in
the receiver according to the first preferred embod-
iment.
Fig. 6 is a diagram illustrating the configuration of a
receiver according to a second preferred embodi-
ment of the present invention.
Fig. 7 is a flowchart illustrating an control operation
of the receiver according to the second preferred em-
bodiment.
Fig. 8 is a graph illustrating the relationship between
gain values and supplied powers to the receiving unit
in the receiver according to the second preferred em-

bodiment.
Fig. 9 is a diagram illustrating the configuration of a
transmitter-receiver according to a third preferred
embodiment of the present invention.
Fig. 10 is a graph illustrating the relationship between
gain values and transmission powers and supplied
powers to the receiving unit in the transmitter-receiv-
er according to the third preferred embodiment.

BEST MODE FOR CARRYING OUT THE INVENTION

First Preferred Embodiment

[0013] The present preferred embodiment is a receiver
in which a supplied power to the receiving unit is control-
led based on a gain value in a variable gain amplifier
(VGA).
[0014] Fig. 1 shows the configuration of the receiver
according to the present preferred embodiment. This re-
ceiver includes a radio unit 101a for performing a recep-
tion process of radio signal, and a baseband unit 102a
for processing baseband signal that has been demodu-
lated by the radio unit 101a. A reception wave from a
base station (not shown) is received by an antenna 1 in
the radio unit 101a, and is input to a receiving unit 3 in
the radio unit 101a via a branching filter unit 2 in the radio
unit 101a.
[0015] The receiving unit 3 is made up of a low-noise
amplifier (LNA) 4, a BPF (Band Pass Filter) 5, a mixer 6,
a local oscillator 7, and a demodulator 8. The reception
wave is amplified in the low-noise amplifier 4, and the
amplified reception wave is filtered at the BPF 5 as a
signal of a predetermined frequency band. The filtered
reception wave is frequency-converted at the mixer 6,
which receives a signal with a predetermined frequency
from the local oscillator 7. Then, the frequency-converted
reception wave is demodulated at the demodulator 8 into
a baseband signal S 1.
[0016] In addition, in the low-noise amplifier 4 and the
demodulator 8, variable gain amplifiers 4a and 8a are
provided that can amplify reception wave with a variable
gain value without degrading the NF (Noise Figure) per-
formance (the ratio between the S/N ratio of an input
signal and the S/N ratio of an output signal) and the dis-
tortion performance (the ratio between the signal voltage-
to-distortion voltage ratio of an input signal and the signal
voltage-to-distortion voltage ratio of an output signal) un-
der a certain supplied power.
[0017] Further provided in the radio unit 101a are a
control unit 12 made up of a logic circuit in which several
tens to several hundreds of logic gates are combined,
and a receiving unit power control circuit 14 for controlling
the power to be supplied to the receiving unit 3 based on
the instruction from the control unit 12.
[0018] The baseband unit 102a is provided therein with
an A/D converter 15 for A/D (analog to digital) converting
a baseband signal S1 from the demodulator 8 and out-
putting the resultant signal as a digital signal S2, a gain

3 4 



EP 1 703 648 A1

4

5

10

15

20

25

30

35

40

45

50

55

control signal-generating unit 21 for generating a gain
control signal S5 that controls a gain value in the variable
gain amplifiers 4a and 8a in response to the received
power of the reception wave, and a memory 13 consti-
tuted by, for example, a SRAM (Static Random Access
Memory) connected to the control unit 12.
[0019] The gain control signal-generating unit 21 is fur-
nished with an arithmetic circuit 17, a comparator circuit
18, a gain table 19, and a subtracter 20. The arithmetic
circuit 17 is a circuit that is constituted by, for example,
a DSP (digital signal processor) and is capable of arith-
metic processing, and it calculates a voltage amplitude
level of the baseband signal S1 from the digital signal S2
and calculates, from the the voltage amplitude level val-
ue, the received power that has passed through the radio
unit 101a. The comparator circuit 18 is a digital compa-
rator, and it compares a signal S3, which is the calculation
result of the received power by the arithmetic circuit 17,
with a demodulated signal reference level signal LV1,
and outputs the difference as a signal S4. The gain table
19 is a circuit constituted by a memory, an adder, and a
subtracter, and it calculates a gain value, which is to be
output as a gain control signal S5, using the signal S4
and various parameters stored in the memory. The gain
table 19 also calculates the total gain from the antenna
1 to the receiving unit 3 using various parameters stored
in the memory, and outputs the result as a signal S6. The
subtracter 20 subtracts the value of the signal S6 from
the value of the signal S3, and outputs the result of the
calculation as an RSSI signal S7.
[0020] Hereinbelow, generation of the gain control sig-
nal S5 will be described using specific numerical values
as examples. For example, the total power loss at the
antenna 1 and the branching filter unit 2 is assumed to
be 2 dB. The present total gain value at the receiving unit
3 is assumed to be set at 20 dB.
[0021] The arithmetic circuit 17 calculates a voltage
amplitude level of the baseband signal S 1 by putting the
digital signal S2 that is output from the A/D converter 15
into a predetermined arithmetic expression, and calcu-
lates the received power that has passed through the
radio unit 101a from the voltage amplitude level value.
Herein, the value of the received power that has passed
through the radio unit 101a is assumed to be, for exam-
ple, -52 dB.
[0022] The comparator circuit 18 compares the signal
S3, which indicates that the result of calculation is -52
dB, and a value of the demodulated signal reference level
(the received power value that is most suitable for per-
forming demodulation) signal LV1. Assuming that the val-
ue of the demodulated signal reference level signal LV1
is set at -40 dB, the comparator circuit 18 calculates the
difference between -52 dB and -40 dB, and outputs the
information indicating 12 dB, which is the difference, as
the signal S4. It should be noted that, in this example
with the illustrative numerical values, the present re-
ceived power -52 dB falls short of the demodulated signal
reference level -40 dB, and it is in an insufficient ampli-

fication condition.
[0023] The setting information indicating that the total
gain value in the receiving unit 3 is 20 dB and the infor-
mation indicating that the total power loss is in the an-
tenna 1 and the branching filter unit 2 is 2 dB are stored
in the memory in the gain table 19. Then, the adder in
the gain table 19 adds the difference 12 dB, calculated
by the comparator circuit 18, to the present total gain
value 20 dB in the receiving unit 3.
[0024] Using the result of the addition, the gain table
19 outputs, as the gain control signal S5, information in-
dicating a gain value of 32 dB, elevated 12 dB from the
present total gain value 20 dB in the receiving unit 3, to
the receiving unit 3. In addition, the subtracter in the gain
table 19 outputs, as the signal S6, information indicating
a value of 18 dB obtained by subtracting the total power
loss 2 dB in the antenna 1 and branching filter unit 2 from
the present total gain value 20 dB in the receiving unit 3
(which indicates the total gain value in the antenna 1, the
branching filter unit 2, and the receiving unit 3) to the
subtracter 20.
[0025] The subtracter 20 subtracts a value 18 dB,
which is the content of the signal S6 from a value -52 dB,
which is the content of the signal S3, and thus determines
by the calculation that the received power of the reception
wave that the antenna 1 is currently receiving is -70 dB.
The result of the calculation becomes the RSSI signal S7.
[0026] Next, the operation of the receiver according to
the present preferred embodiment will be described. Fig.
2 is a flowchart illustrating a control operation of the re-
ceiver according to the present preferred embodiment.
[0027] First, the gain control signal S5 is input into the
control unit 12, and the information of the gain value des-
ignated by the gain control signal S5 is detected in the
control unit 12 (step S 11).
[0028] In the memory 13, values of power to be sup-
plied to the receiving unit 3, which are associated with
the gain values designated by the gain control signal S5,
are stored in advance. Specifically, for example, if the
gain value designated by the gain control signal S5 is
within the range of from 0 dB to 10 dB, power a is adopted;
if the gain value is within the range of from 11 dB to 20
dB, power b is adopted; if the gain value is within the
range of from 21 dB to 30 dB, power c is adopted; if the
gain value is within the range of from 31 dB to 40 dB,
power d is adopted; if the gain value is within the range
of from 41 dB to 50 dB, power e is adopted (a < b < c <
d < e). In other words, power supplied to the receiving
unit 3 is segmented into 5 steps of powers a to e so that
one of the powers a to e is specified in association with
a gain value designated by the gain control signal S5.
[0029] In this case, the supplied power is specified so
that as the gain value designated by the gain control sig-
nal S5 becomes lower, the power supplied to the receiv-
ing unit 3 reduces. The reason is as follows; when the
gain value designated by the gain control signal S5 is
low, the reception wave is sent with a sufficient power
and it is considered unnecessary to increase the gain
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greatly; therefore, reduction in power consumption is pur-
sued by reducing the supplied power to the receiving unit
3.
[0030] Conversely, as the gain value designated by
the gain control signal S5 becomes higher, the supplied
power is specified so that the supplied power to the re-
ceiving unit 3 increases. The reason is as follows; when
the gain value designated by the gain control signal S5
is high, the reception condition is considered poor; there-
fore, the supplied power to the receiving unit 3 is in-
creased to operate the receiving unit 3 at the optimum
operating point so that the reception performance can be
improved.
[0031] Fig. 3 is a graph illustrating the relationship be-
tween gain values designated by the gain control signal
S5 and received field intensities. As is seen from Fig. 3,
as the received field intensity decreases, the gain value
is set to be higher, while as the received field intensity
increases, the gain value is set to be lower.
[0032] Fig. 3 additionally shows the relationship be-
tween RSSI signal values and received field intensities;
the RSSI signal value becomes a smaller value as the
received field intensity reduces, while it becomes a larger
value as the received field intensity increases.
[0033] It should be noted that although in the foregoing
description, the power to be supplied to the receiving unit
3 is specified so that it change from a, then to b, then to
c, then to d, and then to e, in a stepwise manner, the
power to the receiving unit 3 may be specified so as to
change continuously according to the gain value, not in
a stepwise manner.
[0034] Fig. 4 is a diagram illustrating a specific config-
uration example of a portion of the amplification stage of
the variable gain amplifiers 4a and 8a respectively pro-
vided in the low-noise amplifier 4 and the demodulator
8. Each of the variable gain amplifier 4a and the variable
gain amplifier 8a has a configuration in which a plurality
of amplification stages shown in Fig. 4 are connected in
series.
[0035] The amplification stage of Fig. 4 is provided
therein with a transistor TR1 having an emitter to which
a ground potential GND is fed, a base connected to an
input terminal T1, and a collector. A direct current power
supply V1 is connected to the base of the transistor TR1,
to which a direct current bias potential higher than the
ground potential GND is fed.
[0036] In addition, respective emitters of transistors
TR2 to TR4 are commonly connected to the collector of
the transistor TR1. The collectors of the transistors TR2
and TR3 are commonly connected to one end of an in-
ductor L1 and an output terminal T2. A power supply
potential Vcc is fed to the other end of the inductor L1.
The power supply potential Vcc is also fed to the collector
of the transistor TR4. It should be noted that another in-
ductor (not shown: the supplied power from the receiving
unit power control circuit 14 of Fig. 1 causes current to
flow through the other inductor) is disposed adjacently
to the inductor L1, and the inductor L1 is supplied with

the power from the other inductor because the current is
induced in the inductor L1 by the current flowing through
the other inductor.
[0037] A direct current power supply V2 is connected
to the base of the the transistor TR2 via a switch SW1a
and the direct current power supply V2 is also connected
to the base of the transistor TR3 via a switch SW2a, and
a direct current bias potential higher than the ground po-
tential GND can be applied to the base of the transistors
TR2 and TR3. The switching on and off of the switches
SW1a and SW2a is controlled according to the gain value
designated by the gain control signal S5. The base of the
transistor TR4 is also connected to the base of the tran-
sistor TR3.
[0038] Basically, when the power given to an amplifier
(for example, electric current) is varied, the gain of the
amplifier changes, and at the same time, NF performance
and the distortion performance of the amplifier also
change. The variable gain amplifier is an amplifier that
can amplify an input signal with a variable gain value
without degrading the NF performance and the distortion
performance under a certain supplied power
[0039] Here, the size ratio of the transistors TR1 to
TR4 is assumed to be TR1:TR2:TR3:TR4 = 5:5:1:4, for
example.
[0040] When the switch SW1a is on and the switch
SW2a is off, a current flows through the transistors TR2
and TR1. Also, when the switch SW1a is off and the
switch SW2a is on, a current flows through the transistors
TR3, TR4, and TR1. Since the size ratio of the transistor
TR2 (5) is the same value as the total of the size ratios
of the transistors TR3 and TR4 (1 + 4 = 5), the current
flowing through the amplification stage of Fig. 4 as a
whole does not change in either case. This means that,
in either case, the power consumption results in the same
value and the NF performance and the distortion per-
formance are the same also.
[0041] On the other hand, when the switch SW1a is
on and the switch SW2a is off, the current at the collector
of the transistor TR2 flows through the output terminal
T2, while when the switch SW1a is off and the switch
SW2a is on, the current at the collector of the transistor
TR3 flows through the output terminal T2. Since the size
ratio of the transistors TR2 and TR3 is TR2:TR3 = 5:1,
the gain ratio of the two cases results in 5:1.
[0042] In this way, the amplification stage of Fig. 4 can
amplify an input signal with a variable gain value accord-
ing to the combinations of on and off of the switches
SW1a and SW2a, without degrading the NF performance
and the distortion performance. Because the variable
gain amplifier 4a and the variable gain amplifier 8a has
a plurality of such amplification stages connected in se-
ries, the gain value of the variable gain amplifier 4a and
the variable gain amplifier 8a as a whole can be arbitrarily
set according to combinations of on and off of the switch-
es SW1a and SW2a in each amplification stage. The gain
control signal S5 has a function to instruct the switches
SW1a and SW2a in each amplification stage to be turned
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on and off.
[0043] The control unit 12 determines the power to be
supplied to the receiving unit power control circuit 14 by
referencing the supplied power values stored in the mem-
ory 13 based on the gain value designated by the gain
control signal S5 (step S12). Specifically, based on the
information of the gain value designated by the gain con-
trol signal S5, the control unit 12 decides to which of the
foregoing 5 steps of powers a to e a supplied power cor-
responding to that gain value falls into, by referencing
the stored contents of the memory 13. Then, the infor-
mation indicating the determined power value is trans-
ferred from the control unit 12 to the receiving unit power
control circuit 14 (step S13).
[0044] Fig. 5 is a diagram illustrating one example of
the specific configuration of the receiving unit power con-
trol circuit 14. The receiving unit power control circuit 14
is furnished with current sources IS1 to IS3 and switches
SW1 to SW3, and it adjusts a supplied power to the low-
noise amplifier 4 and to the other circuits in the receiving
unit 3 according to instruction from the control unit 12.
[0045] Specifically, the switches SW1 to SW3 are re-
spectively connected to the current sources IS1 to IS3
so that currents generated in the current sources IS1 to
IS3 can flow into the low-noise amplifier 4 and into the
other circuits in the receiving unit 3 via the switches SW1
to SW3, respectively. The control unit 12 controls the
amount of current that flows into the low-noise amplifier
4 and into the other circuits in the receiving unit 3 by
turning on any one of, or two or more of, the switches
SW1 to SW3. It should be noted that the values of the
currents generated by the current sources IS 1 to IS3
may be the same or different.
[0046] In the receiver according to the present pre-
ferred embodiment, the control unit 12 controls the power
to be supplied to the receiving unit 3 by referencing the
supplied power values stored in the memory 13 based
on the gain value designated by the gain control signal
S5. Therefore, even without a signal that indicates re-
ception conditions, such as RSSI signal, the supplied
power to the receiving unit 3 can be controlled with high
precision by utilizing the gain control signal S5 that des-
ignates a gain value based on the reception condition of
the reception wave.
[0047] In a receiver, it is common to generate a signal
for designating a gain value in the receiving unit, such
as the above-described gain control signal S5. In the case
of the present preferred embodiment, it is possible to
control the supplied power to the receiving unit 3 merely
by supplying such an existing signal to the control unit
12, and it is unnecessary to newly provide a control sig-
nal.
[0048] It should be noted that although the RSSI signal
S7 is generated by the subtracter 20 in the foregoing
description, it is possible to eliminate the subtracter 20
since the calculation of the RSSI signal S7 is not partic-
ularly necessary in the control of the receiving unit power
control circuit 14 of the present preferred embodiment.

Second Preferred Embodiment

[0049] The present preferred embodiment is a modi-
fied example of the receiver according to the first pre-
ferred embodiment, and is a receiver that is capable of
discontinuous reception and controls the power to be
supplied to the receiving unit based on a gain value des-
ignated by a gain control signal S5 during past discon-
tinuous reception.
[0050] Fig. 6 shows the configuration of a receiver ac-
cording to the present preferred embodiment. In this re-
ceiver, the configurations of the antenna 1, the branching
filter unit 2, the receiving unit 3, the control unit 12, the
memory 13, the receiving unit power control circuit 14,
the A/D converter 15, and the gain control signal-gener-
ating unit 21 are the same as those of the receiver ac-
cording to the first preferred embodiment. It should be
noted that the receiving unit 3 is capable of performing
discontinuous reception.
[0051] The receiver according to the present preferred
embodiment is further provided with a processing unit
12a that is constituted by a DSP or the like, and a moving
speed detector 16 that is capable of detecting the moving
speed of the receiver. It should be noted that, for the
moving speed detector 16, it is possible to adopt, for ex-
ample, a device described in Japanese Patent Applica-
tion Laid-Open No. 11-252633 (1999).
[0052] In the case of mobile telephone, for example,
the gain control signal S5 is generated at all times during
continuous reception, such as during voice communica-
tion, and therefore, it is possible to optimally control a
supplied power to the receiving unit based on the latest
gain value. However, during discontinuous reception,
such as during a stand-by state, it is difficult to precisely
set a gain value from the initial stage in one single dis-
continuous reception, and it is not always possible to con-
trol the supplied power to the receiving unit 3 with high
precision.
[0053] In view of this, in the present preferred embod-
iment, the control unit 12 controls the supplied power to
the receiving unit 3 based on the gain values in previous
several discontinuous reception events. Accordingly, the
control unit 12 writes data of a gain value into the memory
13 each time discontinuous reception takes place. Thus,
the memory 13 is allowed to accumulate data of gain
values for previous several times of discontinuous recep-
tion.
[0054] After one discontinuous reception, the control
unit 12 reads out the data of the previous stored gain
values from the memory 13 prior to performing the next
discontinuous reception, and makes the processing unit
12a calculate the average value of them. Then, based
on the result of the calculation, it controls the receiving
unit power control circuit 14.
[0055] It should be noted that, in the present preferred
embodiment, the processing unit 12a performs weighting
so that, among the data of a plurality of gain values, more
recent data have a greater rate of contribution in calcu-
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lating the average value of gain values, in order to con-
sider most recent communication conditions more impor-
tant. Specifically, when the average value of the gain
values for the previous four times needs to be calculated,
for example, the weighting is performed in such a manner
that: the rate of contribution of the most recent data is
100%; the rate of contribution of the data previous to that
data is 50%; the rate of contribution of the data still pre-
vious thereto is 30%; and the rate of contribution of the
data further previous thereto is 20%.
[0056] For example, in the case that the gain values
for the previous four times are 30 dB, 40 dB, 30 dB, and
20 dB, the average value is (30 dB + 40 dB + 30 dB + 20
dB)/4 = 30 dB if simply calculated, but it becomes (30 dB
� 1 + 40 dB � 0.5 + 30 dB � 0.3 + 20 dB � 0.2)/(1 +
0.5 + 0.3 + 0.2) = 31.5 dB, if the above-described weight-
ing is performed.
[0057] In the present preferred embodiment, the
processing unit 12a corrects the average value of gain
values taking the present moving speed of the receiver
into consideration, in order to increase the accuracy in
calculation of the gain values during discontinuous re-
ception. The data of the moving speed of the receiver
detected by the moving speed detector 16 is sent to the
processing unit 12a by the control unit 12.
[0058] Generally, the greater the moving speed, the
poorer the quality of telecommunication; therefore, the
processing unit 12a corrects the average value so that
as the moving speed value is greater, the gain value is
also greater. Specifically, for example, the correction is
made in such a manner that: the calculated average value
of gain values is made 1.2 times when the moving speed
is 0 km/h to 8 km/h; the calculated average value is made
1.5 times when the moving speed is 8 km/h to 16 km/h;
the calculated average value is made 1.8 times when the
moving speed is 16 km/h to 24 km/h; and the calculated
average value is made 2 times when the moving speed
is greater than 24 km/h.
[0059] Taking the foregoing average value 31.5 dB af-
ter the weighting as an example, the result is: 31.5 dB �
1.8 = 56.7 dB when the present moving speed is 20 km/h.
[0060] Fig. 7 is a flowchart illustrating a control oper-
ation of the receiver according to the present preferred
embodiment.
[0061] First, the control unit 12 reads out data of stored
previous gain values from the memory 13 (step S21).
Then, the processing unit 12a is made to calculate the
average value of them while performing the above-de-
scribed weighting.
[0062] Furthermore, the control unit 12 makes the
moving speed detector 16 detect the present moving
speed of the receiver, and sends the information to the
processing unit 12a. The processing unit 12a corrects
the calculated average value in the foregoing manner
(step S22).
[0063] In the memory 13, values of the power to be
supplied to the receiving unit 3 are stored in advance in
association with gain values. In the first preferred em-

bodiment, the power supplied to the receiving unit 3 is
specified so as to change from a, then to b, then to c,
then to d, and then to e, in a stepwise manner, the power
to the receiving unit 3 may be specified so as to change
continuously according to the gain value, not in a step-
wise manner.
[0064] Specifically, for example, as illustrated in the
graph of Fig. 8, in which supplied powers to the receiving
unit and gain values are respectively represented on the
vertical axis and the horizontal axis, the supplied power
to the receiving unit may preferably be specified so that
if the gain value is less than a predetermined value, the
supplied power to the receiving unit is set at a constant
value, while if the gain value is equal to or greater than
a predetermined value, the supplied power to the receiv-
ing unit is increased linearly as the gain value increases.
[0065] Then, the control unit 12 determines the power
to be supplied to the receiving unit power control circuit
14 by referencing the supplied power values stored in
the memory 13 based on the average value of gain values
that has been corrected by the processing unit 12a (step
S23). Thereafter, discontinuous reception is started, and
the information of the determined power value is trans-
ferred from the control unit 12 to the receiving unit power
control circuit 14 (step S24).
[0066] During discontinuous reception, an AGC (auto-
matic gain control) process is carried out in the receiving
unit 3. Once output voltage converges by the AGC proc-
ess and a present gain control signal S5 is generated,
the control unit 12 updates the gain value from the pre-
vious average value at that point of time (step S25). Then,
the control unit 12 again determines a power value to be
supplied by referencing the supplied power values stored
in the memory 13, and transfers the resultant value to
the receiving unit power control circuit 14. The receiving
unit power control circuit 14 corrects the power value
supplied to the receiving unit 3 based on that information
(step S26).
[0067] In the initial stage of discontinuous reception,
the AGC process has not yet completed, so the supplied
power to the receiving unit should be determined based
on the gain values of previous several times; however,
in the case that the information of the latest gain value
can be obtained during discontinuous reception, it is de-
sirable to control the supplied power to the receiving unit
again based on that information.
[0068] Then, the receiving unit 3 finishes the discon-
tinuous reception (step S27), and the control unit 12
writes the information of the gain value at the time the
discontinuous reception is completed into the memory
13 (step S28).
[0069] Thereafter, the process returns to step S21, the
control unit 12 again determines the power value to be
supplied to the receiving unit 3 using the information of
the previous gain values during discontinuous reception.
[0070] In the receiver according to the present pre-
ferred embodiment, the processing unit 12a calculates
the average value of gain values using the gain values
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during discontinuous reception that have been written
into the memory 13, and the control unit 12 controls the
power to be supplied to the receiving unit 3 by referencing
the supplied power values stored in the memory 13 based
on the average value of gain values that has been cal-
culated by the processing unit 12a. Therefore, it becomes
possible to control the power to be supplied to the receiv-
ing unit 3 based on the most recent gain value from the
initial stage of one single discontinuous reception. This
makes it possible to control the supplied power to the
receiving unit 3 with high precision. This is effective par-
ticularly in a system in which the gain control signal S5
cannot be generated until the AGC process finishes, such
as W-CDMA.
[0071] Moreover, the processing unit 12a performs
weighting in such a manner that more recent data among
the data of a plurality of gain values have a greater con-
tribution to calculate the average value. Therefore, it be-
comes possible to carry out a correction calculation in
which the nearest previous communication condition is
reflected more, making it possible to control the supplied
power to the receiving unit 3 more precisely.
[0072] Furthermore, the processing unit 12a performs
a correction such that as the moving speed value is great-
er, the average value becomes smaller. Therefore, the
moving state of the receiver can be reflected on the gain
value, and the supplied power to the receiving unit can
be controlled with even more precisely.
[0073] In the case that the gain control signal-gener-
ating unit 21 generates the latest gain control signal S5
during discontinuous reception, the control unit 12 again
controls the power to be supplied to the receiving unit 3
based on the gain value designated by the latest gain
control signal S5. Therefore, the supplied power to the
receiving unit can be controlled according to the latest
telecommunication condition.

Third Preferred Embodiment

[0074] The present preferred embodiment is also a
modified example of the receiver according to the first
preferred embodiment, and is a transmitter-receiver that
also has a transmission function and controls the sup-
plied power to the receiving unit based not only on the
gain value designated by the gain control signal S5 but
also on transmission power of a transmission wave.
[0075] Fig. 9 illustrates the configuration of a transmit-
ter-receiver according to the present preferred embodi-
ment. In this transmitter-receiver, the configurations of
the antenna 1, the branching filter unit 2, the receiving
unit 3, the control unit 12, the memory 13, the receiving
unit power control circuit 14, the A/D converter 15, and
the gain control signal-generating unit 21 are the same
as those of the receiver according to the first

preferred embodiment.

[0076] The transmitter-receiver according to the

present preferred embodiment further includes a trans-
mitter unit 10 that generates a modulation signal from a
signal generation unit (now shown) as a transmission
wave and sends it out to the branching filter unit 2, and
a transmission power detecting unit 11 that detects the
power of the transmission wave generated by the trans-
mitter unit 10.
[0077] Next, the operation of the transmitter-receiver
according to the present preferred embodiment is de-
scribed.
[0078] First, the gain control signal S5 is generated in
the gain control signal-generating unit 21, as in the case
of the first preferred embodiment. In addition, the power
of the transmission wave is detected in the transmission
power detecting unit 11. For the transmission power de-
tecting unit 11, a measurement device may be adopted
that measures electric power utilizing, for example, a
thermocouple or a Hall element. The information of the
gain value designated by the gain control signal S5 and
the transmission wave power is input to the control unit
12.
[0079] In the memory 13, power values to be supplied
to the receiving unit 3 are stored in advance in association
with gain values and transmission wave powers. Specif-
ically, for example, in the graph of Fig. 10 in which gain
values and transmission wave powers are respectively
represented on the vertical axis and the horizontal axis,
a power value to be supplied to the receiving unit 3 is
specified for each region in the graph. Specifically, as
illustrated in Fig. 3, the supplied power to the receiving
unit 3 is segmented into five steps, power A to power E
(E < A < B < C < D), one of the powers A to E is specified
according to the values of the gain value and the trans-
mission wave power.
[0080] More specifically, in Fig. 10, a power value A is
adopted in the region between line L1 that connects a
gain value a1 and a transmission wave power value b1
and line L2 that connects a, gain value a2 (> a1) and a
transmission wave power value b2 (> b1). Likewise, a
power value B is adopted in the region between line L2
and line L3 that connects a gain value a3 (> a2) and a
transmission wave power value b3 (> b2); a power value
C is adopted in the region between line L3 and line L4
that connects a gain value a4 (> a3) and a transmission
wave power value b4 (> b3); a power value D is adopted
in the region that is above and further rightward than line
L4; and a power value E is adopted in the region below
and further leftward than line L1, respectively.
[0081] In Fig. 10, the supplied power to the receiving
unit 3 is specified so as to decrease as the gain value
lowers, or as the transmission power value lowers. The
reason is as follows. If the gain value is low, the reception
wave is considered to have been sent with a sufficient
power, or if the power of the transmission wave is low,
the adverse effect on the reception wave is accordingly
small; therefore, reduction in power consumption is pur-
sued by reducing the supplied power to the receiving unit
3.
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[0082] Conversely, the supplied power to the receiving
unit 3 is specified so as to increase as the gain value
becomes higher, or as the transmission power value be-
comes higher. The reason is as follows. If the gain value
is high, the reception condition is considered poor, or if
the power of the transmission wave is high, the adverse
effect on the reception wave is great; therefore, the sup-
plied power to the receiving unit 3 is increased to operate
the receiving unit 3 at the optimum operating point,
whereby improvements in the reception performance is
pursued.
[0083] It should be noted that in Fig. 10, the power to
be supplied to the receiving unit 3 is specified so as to
change from E, then to A, then to B, then to C, and then
to D, in a stepwise manner, but the power to the receiving
unit 3 changes continuously according to the gain value
and the transmission wave power, not in a stepwise man-
ner.
[0084] Then, the control unit 12 determines the power
to be supplied to the receiving unit power control circuit
14 by referencing the supplied power values stored in
the memory 13 based on the gain value designated by
the gain control signal S5 and the result of detection by
the transmission power detecting unit 11. Specifically,
the control unit 12 determines, based on the information
of the gain values and the transmission wave powers
stored in the memory 13, which of the regions in the graph
of Fig. 10 a gain value and a transmission wave power
value fall into. As illustrated in Fig. 10, for example, if the
gain value is a and the power of the transmission wave
is b, it is determined that the value of the power to be
supplied to the receiving unit 3 is C. Then, the information
of the determined power value is transferred from the
control unit 12 to the receiving unit power control circuit
14.
[0085] In the transmitter-receiver according to the
present preferred embodiment, the control unit 12 con-
trols the power to be supplied to the receiving unit 3 by
referencing the supplied power values stored in the mem-
ory 13 based on the gain value designated by the gain
control signal S5 and the detection result by the trans-
mission power detecting unit 11. Therefore, even without
a signal that indicates reception conditions, such as RSSI
signal, the supplied power to the receiving unit 3 can be
controlled with high precision by utilizing a gain control
signal that designates a gain value based on the recep-
tion condition of the reception wave, and further based
on the signal intensity of the transmission wave.
[0086] While the invention has been shown and de-
scribed in detail, the foregoing description is in all aspects
illustrative and not restrictive. It is therefore understood
that numerous other modifications and variations can be
devised without departing from the scope of the inven-
tion.

INDUSTRIAL APPLICABILITY

[0087] This invention is applicable to devices including

a receiver and a transmitter-receiver, and may be appli-
cable to, for example, telecommunication devices, such
as mobile telephone units, transceivers, PDAs (Personal
Digital Assistance), and notebook computers.

Claims

1. A receiver comprising:

a receiving unit (3) containing variable gain am-
plifiers (4a, 8a) capable of amplifying a reception
wave with variable gain values, without degrad-
ing NF (Noise Figure) performance and distor-
tion performance under a certain supplied pow-
er;
a gain control signal-generating unit (21) for gen-
erating a gain control signal (S5) for designating
said gain values in said variable gain amplifiers
according to a received power of said reception
wave;
a control unit (12); and
a memory (13),
wherein
said memory stores supplied power values to
said receiving unit that are associated with said
gain values; and
said control unit controls a power to be supplied
to said receiving unit by referencing said sup-
plied power values stored in said memory based
on said gain values designated by said gain con-
trol signal.

2. The receiver according to claim 1, further compris-
ing:

a processing unit (12a), and wherein:
said receiving unit is capable of discontinuous
reception of said reception wave;
said gain values designated by said gain control
signal are written into said memory each time
said discontinuous reception takes place;
said processing unit calculates an average val-
ue of said gain values using said gain values
that have been written into said memory during
discontinuous reception; and
said control unit controls said power to be sup-
plied to said receiving unit by referencing said
supplied power values stored in said memory
based on said average value of said gain values
calculated by said processing unit.

3. The receiver according to claim 2, wherein said
processing unit calculates said average value by per-
forming weighting such that contribution of more re-
cent data among a plurality of said gain values are
greater.
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4. The receiver according to claim 2, further compris-
ing:

a moving speed detector (16) capable of detect-
ing a moving speed of said receiver, and wherein
said processing unit performs correction so that
when said moving speed value is greater, said
average value becomes smaller.

5. The receiver according to claim 2, wherein, when
said gain control signal-generating unit generates a
latest one of said gain control signal during discon-
tinuous reception, said control unit again controls a
power to be supplied to said receiving unit by refer-
encing said supplied power values stored in said
memory based on a gain value designated by said
latest one of said gain control signal.

6. A transmitter-receiver, comprising:

a receiving unit (3) containing variable gain am-
plifiers (4a, 8a) capable of amplifying a reception
wave with variable gain values, without degrad-
ing NF (Noise Figure) performance and distor-
tion performance under a certain supplied pow-
er;
a gain control signal-generating unit (21) for gen-
erating a gain control signal (S5) for designating
said gain values in said variable gain amplifiers
according to a received power of said reception
wave;
a transmitter unit (10) for generating a transmis-
sion wave;
a transmission power detecting unit (11) for de-
tecting a power of said transmission wave;
a control unit (12); and
a memory (13),
wherein
said memory stores supplied power values to
said receiving unit that are associated with said
gain values and said power of said transmission
wave; and
said control unit controls a power to be supplied
to said receiving unit by referencing said sup-
plied power values stored in said memory based
on said gain values designated by said gain con-
trol signal and a detection result in said trans-
mission power detecting unit.
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